REMARKS 



Claims 48-95 are pending in this application, with claims 1-47 canceled. 
Amendments have been made to conform the specification to U.S. patent law and to delete 
the multiple dependency and reference numerals in the claims. Applicants are providing a 
substitute specification because of the extensive amendments made to the description. 
Also enclosed is a marked-up copy of the specification, which shows the amendments 
made. The substitute specification shows new claims 48-95 renumbered as 1-48. No new 
matter was added. 

In view of the foregoing amendments and remarks, it is respectfully submitted that 
the present application is in condition for allowance. Consideration of the application and 
allowance of the claims at an early date is respectfully requested. If, for any reason, the 
Examiner finds the application other than in condition for allowance, Applicants request 
that the Examiner contact the undersigned agent. 
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In the unlikely event that the transmittal letter is separated from this document and 
the Patent Office determines that an extension and/or other relief is required, Applicants 
petition for any required relief including extensions of time and authorize the Assistant 
Commissioner to charge the cost of such petitions and/or other fees due in connection with 
the filing of this document to Deposit Account No. 03-1952 referencing docket no. 
297912004400 
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555 West Fifth Street 
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Los Angeles, California 90013-1024 
Telephone: (213) 892-5601 
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vacuum biopsy deviceP 775 Hec * ^T/PTO 2 9 M 2^L 

BIOPSY DEVICE FOR REMOVING TISSUE SPECIMENS USING A VACUUM 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This is a national stage under 35 USC § 371 of International Application 
PCT/DE03/00844, filed on March 17, 2003. The entire contents of this application of which are 
incorporated by reference herein. 

Technical FIELD OF INVENTION 

The invention pertains to a biopsy device for taking of tissues samples, which consists of 
a hand piece, in which a hollow biopsy needle is inserted, wherein a portion of the biopsy 
needle protruding from the hand piece is introduced with its sampling chamber into the 
tissue being investigated and the tissue is sucked into the sampling chamber by vacuum 
and then separated by a sample separating mechanism and finally removed. 

State of th e art BACKGROUND OF INVENTION 

A method and a device for cutting out tissue is already known from British Patent 
Publication No. GB 201 8601 A, in which the tissue in the biopsy needle is sucked into a 
cutting region under vacuum influence. In order to create a vacuum in the hollow needle, 
the hand piece in which the hollow needle is integrated is connected via lines to a vacuum 
generator situated outside of the hand piece. The cutting off of the sample is done via a 
cutting mechanism, which is arranged lengthwise-moveable in the hollow needle. The 
sample cut off is kept in the needle. After pulling the needle out from the tissue, the cut- 
off sample is flushed out from the tip of the needle; therefore, the hand piece is connected 
via other lines to devices situated outside the hand piece. The vacuum established in the 
hollow needle is regulated by control elements integrated in the lines. 

Another biopsy mechanism is known from European Patent Publication No. EP 0890 339 
Al, in which the sample is removed under vacuum influence. In the hand piece, in which 
the biopsy needle with cutting mechanism is integrated and inserted, the biopsy needle is 
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connected via hose connections and lines to an external vacuum generator as well as 
control devices. The vacuum is brought up from below to the sample removing chamber 
via a channel molded onto the outer sheath of the biopsy needle. The separating device is- 
arranged lengthwise moveable in the hollow space- of the biopsy needle. By a rotary 
movement, combined with a manual lengthwise push, the separating device cuts the 
sample from the tissue. The sample is transported in the hollow channel of the separating 
device. A similar arrangement is also shown by U.S. Patent No. 5,526,822, and here in 
particular various vacuum feed lines to the sample removal chamber are known, such as 
the arrangement for cutting mechanisms, in the hollow needle or coaxially as a cutting 
sheath, on the outside. 

In both biopsy mechanisms capable of removal of a sample under vacuum, the hand piece 
of the biopsy device is limited in its freedom of motion by at least one connection hose 
and/or supply cables to one or more external supply units; furthermore, the mechanisms 
for creating the vacuum are costly, especially in regard to the regulating mechanisms. 
The sample is cut out by rotating separation devices which can move lengthwise in the 
hollow needle chamber. 

Furthermore, a suction biopsy device is known from German Patent No. DE 40 41 614 
CI, which is fashioned as a manual device and which has a partial vacuum source as well 
as a biopsy cannula connection, which can be placed in rotation by a flexible shaft 
located outside the hand piece. A biopsy cannula fashioned as a hollow cannula can be 
mounted on the biopsy cannula connection, preferably having a revolving cutting edge 
sharpened at the distal end, along whose hollow channel a partial vacuum can be applied, 
by means of the partial vacuum source, which is configured as a piston and cylinder unit, 
once the hollow cannula has been positioned at a particular tissue point inside the body. 

A similar partial vacuum-assisted biopsy device can be found in International Publication 
No. WO 96/28097, which^ though not specifying any hollow cannula placed in rotation, 
nevertheless has a syringe plunger arrangement located inside a manual device to create 
partial vacuum. 
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German Patent Publication No. DE 100 34 297 Al describes, in contrast with the above 
suction biopsy arrangement with only a single hollow needle, a tissue removal endoscopy 
instrument, having a biopsy needle arrangement, which specifies a circumferentially 
sharpened hollow needle at its distal end and a hollow biopsy needle guided inside the 
hollow needle, wherein the internally guided biopsy needle has a recess for removal of a 
tissue sample at its distal end. Proximal to the hollow biopsy needle is a suctioning 
instrument for creating a partial vacuum. A removal of tissue occurs in that the biopsy 
needle arrangement is pushed in a joint position into a region of tissue being investigated, 
while the biopsy needle has a distal tip, which protrudes distally from the hollow needle 
for a length in order to facilitate the process of penetration of the biopsy needle 
arrangement into the tissue, on the one hand, and to prevent tissue from getting into the 
interior of the hollow needle, on the other hand. When the biopsy needle arrangement is 
suitably positioned inside the tissue, the hollow needle is pulled back proximally for a 
particular length, while the interior biopsy cannula remains in position and the recess is 
made free. The partial vacuum applied along the biopsy needle produces an active 
lowering or drawing of surrounding tissue parts into the recess. By controlled distal 
pushing of the hollow needle with its sharpened distal end beyond the biopsy needle, a 
portion of the tissue is separated and enclosed inside the recess of the biopsy needle. 
Then, by joint withdrawal of the biopsy needle arrangement, the separated tissue sample 
is removed from the body for examination purposes. The entire tissue removal process 
described above occurs in such a way that the needle movements and the application of 
partial vacuum are performed manually, individually and separated from each other. 

On the other hand, the biopsy needle arrangement described in International Publication 
No. WO 98/25522 enables a spring-operated relative motion between hollow biopsy 
needle, located on the interior, and the outer hollow needle surrounding the biopsy 
needle. In this case as well, the biopsy needle is positioned distally to the sharpened distal 
tip of the hollow needle in order to take a sample, there being provided a partial vacuum 
source for supplying a partial vacuum through the hollow biopsy needle into the area of 
its recess, assisting the process of bringing in the tissue. The process of positioning the 
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biopsy needle relatively and finally inside the region of tissue being investigated is done 
exclusively manually. Such a positioning leads only to unsatisfactory biopsy results, 
especially when investigating hard tissue regions. 

Likewise, a vacuum-assisted biopsy device is described in US Patent Publication No. 
2001/001 1 156 Al, which calls for a compactly configured hand device, in whose housing 
all drive elements necessary for propelling the needle of the biopsy needle arrangement 
are provided. However, a partial vacuum source is provided separate from the hand 
device, which can be connected via an appropriate supply line to the needle arrangement 
inside the hand device at a suitable connection location. 

Pr e sentation of the invention SUMMARY OF INVENTION 

Starting with German Patent Publication No. DE 100 34 297 Al, which is considered to 
be the closest state of the art, the vacuum biopsy device for removal of tissue is based on 
the problem of configuring the hand piece so that the sample removal sequence can be 
operated with one hand after being inserted by means of a coaxial cannula, or with no 
such cannula. The advantages of the familiar high-speed biopsy gun without vacuum, 
namely, the quick penetration of the needle unit, carrying the sample removal chamber 
into the tissue being sampled, should r e ma i n i n p l ac e , how e ver. Furth e rmor e , th e be retained 
in addition to providing a vacuum generating device shou l d b e that is simple, reliable, and 
uncomplicated in structure. The removal of the sample should be such that the pathologist 
gets obtains a sufficient quantity of untwisted tissue for evaluation. 

The solution of the invention therefore consists in that th e comprises a tension slide that 
is brought into cocked position by electric motor power against the action of a spring, the 
needle unit is being arranged on the tension slide mounted in the hand piece, and wherein 
the sample removal chamber is shot into the tissue after releasing the cocked tension 
slide^ , the The vacuum pressure-generating device^ # as well as other control and supply 
devices,, are integrated in the housing of the hand piece 4-, and the connection element^ 4 
from the biopsy needle 3- to the vacuum pressure-generating unit^ & is arranged directly 
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on the housing^j-the The vacuum pressure-generating device 5 consists of comprises a 
controllable piston/cylinder unit 69, having a ventilation opening 67, so that excess 
pressure can be generated in the vacuum pressure-generating device for ejection of the 
sample^^-^aU All drive units are electrically operated, and the drive unit for the tension 
slide is may also be used as the drive unit for the cutting sheath.y-the The hollow biopsy 
needle is surrounded by an exterior coaxial cutting sheath, and at the front side of the 
housing there is arranged a board for actuating the electronics, in which the tension slide 
release is integrated. 

By arranging all necessary devices in the hand piece, the hand piece is freely moveable; 
furthermore, high-speed electrical drive units are used exclusively, and the tension slide 
and the sample separating device are operated by the same drive unit. This produces a 
compact device, independent of other supply units. The drive units can be accommodated 
in a relatively small housing. Even the electronics and the operating and measuring 
instruments are arranged on the housing, or accommodated in it. This also applies to the 
power supply and the connection elements. It is therefore possible to bring together 
partial processes into a single control step and simplify the attendance, so that the 
attendance can be done with only one hand. 

For an especially simple and reliable configuration of the vacuum generating device, the 
use of a piston/cylinder unit with ventilation possibility to create the vacuum and the 
excess pressure works well. Especially advantageous is the use of a familiar 
syringe/plunger unit, with a ventilation opening arranged in addition in the upper part of 
the syringe body, which is opened in order to dissipate the vacuum by further retraction 
of the syringe plunger. By controlling the spindle drive unit of the plunger spindle, the 
same plunger/syringe unit can be switched as needed from generating a vacuum to 
generating an excess pressure, using, to dissipate the vacuum, a ventilation opening 
arranged in the upper part, through which air flows in, and is compressed in the following 
step. 
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In order to control the motion of the plunger, especially in regard to switching from 
creation of a vacuum to dissipation of a vacuum and generating of excess pressure, a 
spindle drive with electric DC motor with secondary reduction gearing has proven to be 
advantageous as the drive unit. The measured speed of revolution of the motor represents 
a direct measure of the lengthwise displacement of the plunger. Since this is a high-speed 
DC motor, whose take-off speed is considerably reduced by a reduction gearing, the 
lengthwise motion of the spindle can be controlled exactly. The length of the spindle 
travel and thus the magnitude of the vacuum and the excess pressure can be set with 
appropriate setpoint values in the control electronics, e.g., the speed of revolution of the 
motor. 

Since a sterile biopsy needle is used for each patient, it has proven to be advantageous to 
separate the sterile parts from other merely disinfected parts that are firmly connected to 
the hand piece. For this reason, it is convenient to design the vacuum pressure-generating 
device, the biopsy needle with cutting sheath and the parts connected to the biopsy needle 
and cutting sheath, such as the biopsy needle carrier, the drive elements and plastic piece 
including connection element and guide roller as an independent, easily inserted and 
removed sterile insert element. The space for the insert element is separated from the 
other drive elements by covers, for reasons of cleaning of the hand piece. 

For sake of simplicity, the flexible connection element is fashioned as a flexible hose, so 
that it can adapt to the displacement travel of the tension slide. In order to allow for 
twisting of the hose relative to the biopsy needle at the proximal end, an additional rotary 
mounted plastic piece is arranged in the plastic piece firmly connected to the biopsy 
needle, to which the hose is attached. 

In order to enable a lengthwise movement of the gear connected to the spindle casing for 
driving of the spindle casing, e.g., when the tension slide is released, a toothed roller is 
provided as the drive unit. 
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In order to provide for a cocking of the tension slide via the biopsy needle carrier by 
turning the cutting sheath, the gear at the end face of the threaded spindle casing is 
supported against a holder of the base block during the cocking process, so that the 
biopsy needle carrier moves to the right, while the cutting sheath maintains its position. 
The locking of the tension slide has a double-arm lever, whose one arm engages under 
spring pressure with the recess of the tension slide. In order to allow for use of the tension 
device for different biopsy needles with different insertion depth, e.g., 15 to 25 mm, it is 
only necessary to adapt the length of the engaging lever and use appropriate settings in 
the electronics, for example. 

The plastic piece joined to the biopsy needle enables a turning of the sample removal 
chamber by means of a knurled disk. The biopsy needle can be locked in the desired 
position by the interaction of the polygon of the plastic piece and the biopsy needle 
carrier. A notch made in the knurled disk shows the user the radial position for the 
opening of the sample removal chamber. 

The cross section of the hollow biopsy needle is limited by a narrowing, a stuffing, or a 
lip at the sample removal chamber. This narrowing is around 60-75% of the height and 
closes off the upper open part of the sample removal chamber from above. This 
narrowing in front of the sample removal chamber has the effect that the vacuum sucks in 
the tissue being investigated from the bottom - upon opening of the sample removal 
chamber - (i.e., upon retraction of the cutting sheath). The narrowing in addition prevents 
tissue from getting into the rear part of the hollow needle space. When the sample is 
ejected, the narrowing produces a pressure increase in the sample removal chamber, 
which improves the cleaning effect, especially in the sample removal chamber. By 
applying the vacuum, the tissue of the sample is sucked into the interior of the sample 
removal chamber and clings more or less to the inner wall. For better adhesion, additional 
means can be provided in the interior of the sample removal chamber. Since the cutting 
sheath is arranged on the outer diameter of the biopsy needle and thus the separation of 
the tissue occurs externally, the tissue clinging to the inner space is not detached from the 
inner wall by the cutting mechanism, thanks to the external arrangement of the cutting 



8 



sheath. Furthermore, the tissue cannot get into the cavity of the rotating cutting 
mechanism and get stuck inside. Guiding of the cutting sheath with its round cross 
section on the outer side of the biopsy needle with its round cross section has the 
advantage that no twisting (turning) of the sample can occur by the cutting rotation of the 
cutting mechanism, thus fulfilling a major requirement for the evaluation of the tissue by 
the pathologist. In order to achieve a good adhesion of the sample in the inner space 
without impairing the fill ratio, the sample removal chamber is configured so that around 
approximately 25% of its cross section is open for suctioning in the sample, i.e., the 
larger portion of the circumference is closed. 

The arrangement of the coaxial cutting sheath on the outside also has the effect that a 
larger sample can be removed than when the cutting sheath is arranged on the inside. 
Since the sample is ejected with assistance from a pressure built up from the sample 
removal chamber, no damage to the tissue occurs when taking the tissue out. 

Thanks to the central arrangement of the base block at the center of the inner chamber of 
the housing, the housing itself is protected against transverse forces produced by the drive 
elements. Furthermore, it is easy to replace the drive units, as well as the tension slide, 
since it is only necessary to loosen the connections to the housing for this. It is also 
advantageous that the impacts produced by the plastic tension slide are absorbed by the 
base block. 

The storing of the biopsy needle/cutting sheath in a biopsy needle carrier made of plastic 
has the advantage, among others, that the molded-on sliding surfaces enable a trouble- 
free sliding on the opposing surfaces of the base block and the molded-on block. The 
biopsy needle carrier transmits the forces from the spindle drive of the cutting sheath to 
the tension slide. Since the spindle drive thrusts against the holder of the base block when 
the tension slide changes position and it can slide freely when the tension sheath is 
rotated (the gear can slide axially in the toothed roller), the drive unit can be used for both 
motion sequences (tensioning of the tension slide, opening and closing of the sample 
removal chamber by means of the cutting sheath). The miniature switch integrated in the 
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housing end piece, which turns the power supply off and on by the closing of the housing 
cover with the vacuum pressure-generating device inserted, as well as the retaining tabs 
arranged on the biopsy needed carrier, are safety mechanisms which prevent a tensioning 
of the tension slide when the housing cover is open. Furthermore, an opening of the 
housing cover when the needle is under tension will be precluded. 

The guide roller, mounted in the end cover of the housing with the biopsy needle and 
cutting sheath passing through it, cooperates with the cannula which has been inserted 
into the tissue. Because a seal element is placed on the proximal end of the previously 
mounted coaxial cannula, interacting with the cutting sheath, air is prevented from getting 
in between the cannula and the cutting sheath. The guide roller placed on the cannula 
prevents the inner housing from getting dirty and prevents the nonsterilized hand piece 
from touching the coaxial cannula. The board arranged on the hand piece with integrated 
light-emitting diodes and switches, as well as icons, accomplishes a simple operator 
guidance. 

The cover plate can also be used as a carrier for miniature switches or photocells. 
The insertion aid enables easier insertion of the sterilized replacement element. 

In order to make sure that the tissue is reliably cut through when the sample removal 
chamber is closed, the cutting sheath travels by approximately 2 mm out toward the tip of 
the needle, beyond the distal end of the sample removal chamber. 

To prevent operator error, the sequences "cocking of the tension slide M and "ejection of 
sample" are provided with delay circuits. To enhance the safety, it may be advisable to 
select a different color for the light-emitting diodes in the case of processes taking place 
in the tissue, such as "separate the sample", than that for processes taking place outside 
the tissue, such as "eject the sample". 

When using a coaxial cannula in which the needle unit is inserted, so as to achieve an 
exact positioning, for example, one must make sure that no air can get in between the 
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outer circumference of the needle and the inside of the coaxial cannula when a vacuum is 
produced. Therefore, a seal element is provided at the proximal side of the coaxial 
cannula tube. 

Since the depth of insertion of the needle unit is dictated by the cocking distance of the 
tension slide, unless means are provided in the hand piece for different depths of 
insertion, the use of spacing pieces between coaxial cannula and guide roller has proven 
to be especially advantageous. The spacing piece is strung onto the needle unit and sits 
distally on the proximal end of the coaxial cannula, and proximally on a guide roller 
arranged in the hand piece. As a result, for the same insertion length dictated by the 
device, the depth of penetration is reduced by the length of the spacing piece, resulting in 
easier production conditions. 
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BRIEF DESCRIPTION OF THE i nvont i on Drawings 

The invention shall now be described as an example by means of sample embodiments 
making reference to the drawings, without limiting the general notion of the invention. 

Th e s e show: 

Figure 1 shows a biopsy device with open housing cover (perspective view). 

Figure 2 shows a tbe-unit of the biopsy device which is fixed to the housing (without 
bottom of housing and cover) and the replaceable biopsy unit; shown 
separately (perspective view). 

Figure 3 shows a lengthwise section A-A through the biopsy needle of Figure 1 . 

Figure 4 shows a cross section B-B in Figure 1 (left housing part). 

Figure 5 shows a cross section C-C in Figure 1 (right housing part) . 

Figure 6 shows a right housing end cover (inside) with integrated miniature switch. 

Figure 7 shows a front side of board. 

Figure 8a shows a base block in X-axis viewed from front (perspective). 

Figure 8b shows a base block in X-axis viewed from behind (perspective). 

Figure 9a shows a housing-fixed units of the biopsy device without housing cover or 
bottom in the uncocked condition. 

Figure 9b shows a locking mechanism in the uncocked condition. 
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Figure 10a is the same as Figure 9, but tension slide in cocked position. 
Figure 1 Ob is the same as Figure 9a, but in locked condition. 
Figure 1 1 a shows a side view of a biopsy needle tip , s i d e v ie w . 

Figure lib shows a lengthwise section through Figure 11a (sample removal chamber 
opened). 

Figure 1 1 c is the same as Figure 1 lb, but (sample removal chamber half open). 

Figure lid is the same as Figure lib, (sample removal chamber closed by cutting 
sheath). 

Figure 1 1 e shows a cross section A- A in Figure 1 1 a. 

Figure 12 shows a biopsy needle carrier with press-fitted biopsy needle/cutting sheath 
and plastic piece (from below, rotated around 90°, perspective view). 

Figure 13 shows a vacuum/pressure device, installation and actuation (seen from rear, 
perspective view). 

Figure 14a shows a vacuum/pressure device with plunger mounted on the bottom of the 
syringe (starting position for creating a vacuum and end position for 
generating pressure, partially cut away). 

Figure 14b shows a vacuum/pressure device with retracted plunger; end position of the 
vacuum stroke (partially cut away). 



Figure 14c shows a clearing of the ventilation opening (syringe plunger retracted beyond 
ventilation opening; pressure equalization position, partially cut away). 
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Figure 14d shows a cross section A- A through the threaded spindle in Figure 14c. 

Figure 1 5 shows a base block and biopsy needle/cutting sheath, prepared for fitting out 
with photocells and miniature switches to detect actual values. 

Figure 16 shows an insert element lifted off from the insert aid (perspective view). 

Figure 17 shows an insert aid (perspective view). 

Figure 18 shows a coaxial cannula and spike (exploded view). 

Figure 1 9 shows a section through the cap of a coaxial cannula. 

Figure 20 shows a coaxial cannula with inserted needle unit. 

Figure 21 shows a coaxial cannula with inserted needle unit making use of a spacing 
piece. 

DESCRIPTION OF THE INVENTION 
The following detailed description should be read with reference to the drawings, in 
which like elements in different drawings are identically numbered. The drawings, which 
are not necessarily to scale, depict selected preferred embodiments and are not intended 
to limit the scope of the invention. The detailed description illustrates by way of example, 
not by way of limitation, the principles of the invention. This description will clearly 
enable one skilled in the art to make and use the invention, and describes several 
embodiments, adaptations, variations, alternatives and uses of the invention, including 
what is presently believed to be the best mode of carrying out the invention. 

Integrated in the housing interior of a hand piece 1 are all devices required to perform a 
vacuum biopsy (Figure 1 ), so that no cables or lines are required going from the housing 
of the hand piece to other external supply devices. Thus, the hand piece 1 constitutes a 
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complete vacuum biopsy device, which is freely moveable in all directions. From the 
distal part of the left hous i ng end cover 6 protrudes the distal part of the hollow biopsy 
needle 2 with the cutting sheath 3 surrounding it coaxially, which is required to remove 
the tissue sample. Usually, a coaxial cannula is placed in the tissue, into which the biopsy 
needle 2 with cutting sheath 3 is introduced. Outside the right end cover 7 of the housing 
there is arranged a connection element 4, e.g., a transparent flexible hose, which connects 
the vacuum pressure-generating device 5, arranged in parallel with the biopsy needle, to 
the interior cavity of the biopsy needle 2. The hollow connection element 4 is situated in 
immediate proximity to the end cover 7 of the housing. The biopsy needle with cutting 
sheath and additional elements, arranged in a biopsy needle carrier 37, forms together 
with the connection element 4 and the vacuum pressure-generating device 5 an element 
20, easily inserted or taken out at the top, which is replaced as necessary (Figure 2). The 
housing cover 10 is opened for this purpose. As Figure 2 in particular shows, the biopsy 
device can be divided into parts which are firmly connected to the housing (disinfected 
parts) and a removable element 20 (sterile part). While the parts firmly connected to the 
housing are merely disinfected, the removable element 20 comes in a sterile package and 
can be replaced as necessary, especially for each new patient. 

In the sample embodiment described hereafter, the vacuum pressure-generating device is 
arranged in parallel with the biopsy needle. However, in the scope of the invention, the 
vacuum pressure-generating device can also be arranged lying in the axis of the biopsy 
needle or the hand piece; neither does it require its own connection element, if for 
example it is mounted directly on the end of the biopsy needle. 

Between the left and right end covers 6, 7 of the housing is the lower piece 9 of the 
housing and a housing cover 10 which is hinged in the end covers of the housing, with a 
locking latch 11. By means of tie rods or screws, which are partly screwed into a base 
block 8, the lower piece 9 of the housing is clamped between the end covers 6, 7, or it is 
joined to the base block 8. The housing cover 10 can swivel about an axis secured in the 
end covers 6, 7 of the housing. The housing cover 10 is closed before the biopsy 
mechanism is used; the inner contour of the housing cover corresponds to the outer 
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contour of the biopsy needle carrier 37, which will be described more precisely hereafter. 
Approximately at the center of the interior space of the housing is arranged the base 
block 8, which is firmly connected to the lower piece of the housing, for example, by 
fixation elements and/or by a screw connection. The base block 8, which extends not only 
in the lengthwise axis from the middle to the left, but also across the entire transverse 
surface, is connected to the drive elements for the vacuum pressure-generating device 5, 
the cutting sheath 3 and the cocking mechanism for the tension slide 28, on which the 
biopsy needle carrier 37 is mounted. Furthermore, the base block 8 has a holder 36, open 
at the top, for the biopsy needle/cutting sheath, and an additional insert element 62 for the 
vacuum pressure-generating device. 

In order to specify the position of the individual elements, as well as the position of the 
individual parts, especially in the interior of the housing, a coordinate scale has been 
drawn in Figure 1 , the midpoint of the coordinates lying at the center of the base block 8 
(Figure 1). Accordingly, for the following description and for the claims, dir e ctions 
movement indicated in the direction of the X-axis shall b e is considered as being left 
(distal) and , on th e contrary, thos e of movement indicated away from the X-axis shall be 
is considered as b e ing right (proximal). For the other coordinates, movement in the 
direction of the Y-axis is considered to b e top, th e opposit e of th e movement away from 
the Y-axis is considered bottom, and movement in the direction of the Z-axis is 
considered rear, and opposit e movement away from the Z-axis is considered forward 
(Figure 1). Thus, the coordinate system divides the interior of the housing and the other 
references into left and right, forward and rear, and top and bottom. 

Making reference to these remarks, in the bottom, front, left part of the housing interior 
are found the joint actuating mechanisms 106 for the cocking mechanism and the cutting 
sheath, and in the bottom, rear, left part of the housing is the actuating mechanism 105 
(Figure 13) for the vacuum pressure-generating device 5. In the bottom right part is 
accommodated the energy supply for the actuating motors and the other electrical parts, 
such as for the control and/or monitoring elements; preferably, batteries or a storage 
battery 111 are used for this, e.g., a 7.2 V lithium ion battery, lAh. The forward, right, 
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top interior space of the housing lying above the battery compartment is utilized mainly 
for the tension slide 28 with locking piece (Figure 5); this is connected to a block 26, 
which is part of the base block 8. The battery compartment is sealed on top by a 
separation plate 114. 

In the uppermost front part of the housing interior there is arranged a biopsy needle 
carrier 37, which can be inserted into and taken out from the U-shaped insert holder 36 of 
the base block 8, which is open at the top, and the bracket 40 arranged on either side of 
the tension slide 28 and pointing upward; the biopsy needle/cutting sheath unit with 
actuating parts is moveably mounted in this, extending for almost the entire length of the 
hand piece. This means that, in the uncocked state, the left end surface of the biopsy 
needle carrier 37 lies against the left end cover 6 of the housing, and in the cocked state 
the right end surface lies against the right end cover 7. "Almost the entire length" means 
that the biopsy needle carrier is at least shorter by the distance required in the interior of 
the housing for the cocking sequence. If the cocking distance of the tension slide is 20 
mm, for example, the biopsy needle carrier must be able to move by this amount. In 
general, the cocking distance is between 15 and 25 mm, depending on the biopsy needle 
used. It is therefore advisable to design the interior for the longest possible cocking 
distance. 

The cocking device (situated right front) itself consists of a tension slide 28, placed on a 
bolt 30, the bolt screwing into the base block 8. The bolt 30 has a spiral spring 31 
surrounding it. The locking device (see especially Figure 9b and 10b) of the tension slide 
is secured to the block 26. In the top, rear, right interior of the housing is accommodated 
the vacuum pressure-generating device 5 with parts of the actuator; the actuating motor 
with reduction gearing for the vacuum pressure-generating device is located in the left, 
bottom, rear area of the housing interior. 

The hand piece, and also in particular the biopsy needle or the vacuum pressure- 
generating device, are not connected either by cable or hose lines to additional supply 
units situated outside of the housing hand piece. Therefore, the mobility and 
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maneuverability is not impaired either by lines or by cables. The housing cover, the 
bottom piece of the housing, the end covers of the housing and the base block consist 
preferably of aluminum. 

The hand piece 1 consists, as already specified, of a housing, which is formed from a 
housing lower piece 9 with side walls raised to different height, the housing cover 10 
adapted to the lower piece of the housing with lengthwise moveable locking latch 1 1, and 
the two end covers 6 and 7. The lower piece of the housing is joined to the two end 
covers by tie rods or screws, e.g., made of iron, which are partly screwed directly into the 
base block 8. The housing is around 200 mm in length, the end covers have 
approximately square cross section, roughly 40 x 40 mm (Figure 2). The housing cover 
10 can swivel about an axis 104, which is secured in the end covers 6, 7; boreholes 14 in 
the end covers are used for this. The dog 12 of the locking latch 1 1 can be pushed into the 
recess 45 of the base block 8 to close the housing cover. The left end cover 6 has, in the 
upper forward part, an upward open U-shaped passage 1 3 for the forward protruding part 
of the biopsy needle/cutting sheath 2, 3 and the guide roller 81 mounted thereon. The rear 
end cover 7 of the housing has two upward open U-shaped passages 15, 16. The passage 
15 corresponds to the passage 13; it receives the end of the plastic part 47, with round 
cross section, mounted on the hollow biopsy needle. In passage 16 is inserted a 
connection piece 63 for the vacuum pressure-generating device (Figure 2). An additional 
plastic part 112, inserted in the plastic part 47, has a plug 17 which is used to connect the 
connection element 4 to the outlet connector 64 of the vacuum pressure-generating 
device. The inner cavity of the biopsy needle is connected continuously to the cavity of 
the plunger/cylinder arrangement and the cavity of the vacuum pressure-generating 
device. The connections are configured such that neither can air get into the system from 
the outside nor can air flow out when excess pressure prevails; thus, the connection 
points are air-tight. As Figure 6 shows in particular, a miniature switch 1 8 is integrated in 
the passage 16 of the right end cover 7 at the bottom side, whose switch pin 19 protrudes 
into the passage. 
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As soon as the connector 63 of the vacuum pressure-generating device is inserted in the 
passage and the housing cover is closed, the switch pin 19 of the miniature switch 18 is 
pressed downward and the miniature switch 18 allows current to flow. Terminals for 
hooking up a charger can be built into the passages 97, 98 of the housing e nd cov e r right 
end cover 7 . 

At the front side of the bottom piece 9 of the housing there is a surface 1 1 3 provided for 
the board with the operating and monitoring elements (Figure 1). The board 57 secured to 
the housing is designed as an independent component, which is glued, for example, onto 
the surface 113 of the bottom piece 9. This board 57 is connected by lines to other 
electronic components arranged in the housing, and to the power supply. The board 
contains in particular switches for the operation and diodes for the monitoring. The 
activating button 88 for mechanical triggering of the cocked tension slide protrudes 
through a recess 65 in the bottom piece of the housing and the board. 

When configuring the operating and monitoring elements consideration was given to the 
difference between the cocking sequence of the tension slide and the triggering of the 
tension slide, on the one hand, and the performance of the biopsy, such as the cutting out 
of the sample, as well as the removal of the sample with the ejection of the sample, on the 
other hand. Accordingly, the activating button 88 (trigger) for the tension slide has been 
placed at the right and the cocking button 90 for cocking the tension slide is at left. The 
program button 89 for performing the biopsy is in the middle. It is necessary to press the 
program button for three functions. The first function, start or reset, is indicated by the 
reset diode 91, while the sample removal diode 92 arranged underneath indicates the 
opening and closing of the sample removal chamber when removing the sample. The 
lowermost eject diode 93 indicates the ejection of the removed sample. The cocking 
diode 94 indicates the cocking of the tension slide; the locking diode 95 indicates the 
locking of the tension slide. The battery charge diode 96 indicates the charge condition of 
the battery or storage battery. The diodes are switched so that the diode blinks while 
performing the particular sequence and after completion of the sequence the diode 
remains lit. When there are two possible choices, both diodes are lit. The operator is then 
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free to make a choice. The mode of operation and possibility of control shall be examined 
more closely in detail when describing the sequence. Symbols (icons) at the margin 
symbolize the individual processes. 

To improve the operating safety it may be advisable to outfit individual automated 
sequences with delay circuit. In particular, it has been found that the processes of 
"cocking of the tension slide" by pressing the cocking button 90 and "ejection of sample" 
by pressing the program button 89 are provided with delay circuits of around 1.2-1.5 
seconds to improve the operating safety. Furthermore, the operating safety is improved 
when the light-emitting diodes indicating the individual processes have different colors 
for processes outside and processes inside the tissue. 

A perspective representation of the base block 8 (looking from the front in the direction 
of the X-axis) is shown by Figure 8a; the base block 8 is shown from the rear in the X- 
axis by Figure 8b (both of them perspective views). The base block 8 can be divided into 
two halves, looking in the lengthwise direction; the front part serves to secure the joint 
actuation for cutting sheath and tension slide, and also in its upper part to mount the 
biopsy needle carrier (Figure 8a); the rear part serves to secure the actuation for the 
vacuum pressure-generating device and to mount one side of the vacuum pressure- 
generating device (Figure 8b). Between the two actuating motors 21, 58, beneath the 
center rib 87, is arranged a central electronic board. The base block 8 has in its left front 
part a U-shaped space 24, in which is installed a toothed roller 23, driven by the gear 
motor 21. For this, the take-off shaft of the gear motor is mounted or inserted in an 
opening in the wall 25 of the base block 8. The toothed roller 23 is mounted on the take- 
off shaft and secured to it, for example, by means of a screw, so that it cannot turn or 
shift. At the other end, the toothed roller 23 is mounted in the wall 22 of the base block 8. 
The actuating motor used is a DC motor with a speed of around 1 1000 rpm. The DC 
motor is connected to a planet gear with high reduction ratio, on whose take-off shaft the 
toothed roller 23 is mounted. 
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An additional block 26 is molded on the wall 22, pointing to the right, which 
accommodates both the swiveling double lever 33 for the locking process and also serves 
to fasten the bolt 30 for guiding the tension slide 28. The bolt 30 is screwed into the 
threaded borehole 29. During the cocking process, the tension slide 28 moves to the right 
on the bolt 30 and the separating plate 114 arranged underneath. The spiral spring 31 
arranged on the threaded bolt 30 is compressed during the cocking process. At one end, 
the spiral spring thrusts against an end piece 32 of the threaded bolt or directly against the 
end cover 7 of the housing; the other end of the spiral spring thrusts against the end of the 
guide borehole 1 15 of the tension slide. 

The tension slide 28 moves on the threaded bolt and the separating plate 114 and is thus 
prevented from twisting. One arm 99 of the double-arm lever 33 of the locking device 
engages with a groove 27 of the tension slide 28 (Figure 9a and 10a). The locking device, 
integrated in the block 26 of the base block 8, consists of the double-arm lever 33, which 
can swivel about an upright axis 35 (looking in the Y-axis) by means of a compression 
spring 34. The axis 35, an upright pin, is secured in the boreholes 38 of the base block. In 
the uncocked condition, the part 99 of the double-arm lever lies in the groove 27 of the 
tension slide; the compressed spring 34 acts on the part 100 of the lever to press the 
locking button 88 outward (forward). As soon as the part 99 of the double-arm lever can 
engage in the recess 82 of the tension slide, the activating button 88 is pressed outward. 
The tension slide is locked by the locking of the lever part 99 in the cocked condition and 
can now be triggered when necessary with the activating button 88. Since the tension 
slide is advisedly made of plastic, it has proven advisable to employ a metal part 83 in the 
recess, so as not to damage the plastic, since the double-arm lever is made of metal. 
Unlike the removable element 20, the hand piece \ with replaced insertion element can 
be used repeatedly. The cocking distance corresponds to the depth of penetration of the 
biopsy needle into the tissue. Hence, the length of the lever 99 likewise corresponds to 
the cocking distance. Since the depth of penetration is generally between 15 and 25 mm, 
the same hand piece 1 can be used for different depth of penetration by appropriately 
configuring the length of the lever 99 and changing the setpoints of the control system. 
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The tension slide 28, which adjoins the block 26, is arranged at equal height and is 
roughly equal in cross section. On its top side, the tension slide has two brackets 40. The 
upward pointing surface 41 of the tension slide, as well as the upward pointing surface 44 
of the block 26, and the upward pointing surface of the extension 42 of the basic block 8, 
together form a planar bearing surface for the lower sliding surface 43 of the biopsy 
needle carrier 37 mounted thereon. The biopsy needle carrier is made of plastic. As the 
tension slide is moved from the starting uncocked condition (Figure 9a) to the cocked 
condition (Figure 10a), i.e., to the right, the biopsy needle carrier 37 held by the brackets 
40 slides across the surface 42 and 44. It is also conceivable that the sliding surfaces are 
configured not planar, as in the sample embodiment, but instead have specially 
configured sliding surfaces; the important thing is that the biopsy needle carrier 37 can 
slide easily and straight on the sliding surface and the biopsy needle can penetrate straight 
into the tissue, or tumor, after triggering the activation button 88. Therefore, the upper 
outer contour of the biopsy needle carrier is also configured correspondingly to the inner 
contour of the housing cover and has only slight play relative to the housing cover in 
order to prevent the biopsy needle from deviating upward. 

Above the U-shaped space 24 for the toothed roller 23, at the height of the sliding surface 
42, the basic block 8 has a U-shaped upwardly open holder 36, for inserting the biopsy 
needle/cutting sheath among other things. This holder serves primarily as a radial thrust 
bearing, i.e., as a prop for the actuating part connected to the cutting sheath, the gear 74, 
or the plastic disk 78, in order to bring the tension slide into its cocked position by means 
of the actuating device 106, as shall be described afterwards. 

In the upper rear part of the base block there is provided another U-shaped insert element 
62, in which the free end 61 of the threaded spindle of the vacuum pressure-generating 
device, protruding from the syringe body, is inserted. In the middle, top, of the base 
block, there is a fastening for a plate, which accommodates the recess 45, into which the 
dog 12 of the locking latch 1 1 of the housing cover is forced. A cover 46 arranged on the 
base block 8, pointing to the left, separates the space of the actuating motors and the 
board from the upper left part of the housing interior, which is used primarily to keep the 
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exchangeable biopsy needle carrier 37, including biopsy needle and cutting sheath. The 
cover 46 protects the electric gear motors and the board against dirt. The board for the 
electronics lies between the actuating motors and underneath the middle rib. 

Figure 2 shows the biopsy needle carrier 37, which can be inserted into the brackets 40 of 
the tension slide 28 with biopsy needle 2 and cutting sheath 3, as well as other parts. The 
hollow, round circular biopsy needle 2 has a needle tip 70, which adjoins the sample 
removal chamber 71 (Figure 11a - lie). The biopsy needle 2, which is round in cross 
section, is surrounded by a coaxially arranged cutting sheath 3, round in cross section, 
having a cutting edge 72 at its left end, facing the sample removal chamber, which serves 
to cut out the tissue sample after the biopsy needle is introduced (with sample removal 
chamber closed) and after the sample removal chamber is opened and the sample is 
sucked into the sample removal chamber. The cutting edge preferably stands 
perpendicular to the lengthwise axis of biopsy needle and cutting sheath. The cutting 
process occurs by rotation and simultaneous lengthwise displacement of the cutting 
sheath by means of the threaded spindle drive. It is also conceivable that the motion 
occurs not continuously, but stepwise or vibrating, i.e., the feed process moves back and 
forth with short intervals. 

At the other, proximal end of the cutting sheath, away from the cutting edge 72, there is 
fastened a threaded spindle casing 73 with a gear 74 arranged at the end face of the 
threaded spindle casing. The threaded spindle casing with gear is arranged on the cutting 
sheath and prevented from turning and shifting. The threaded spindle cooperates with a 
threaded spindle nut 75, which is firmly press-fitted in the biopsy needle carrier 37. The 
gear 74 lies to the left, i.e., before the spindle casing begins. When the threaded spindle 
casing is turned by means of the gear 74, the cutting sheath is rotated and shifted in 
lengthwise direction along the biopsy needle 2. 

The gear 74 at the left end of the threaded spindle engages with the toothed roller 23 after 
the biopsy needle carrier is inserted in the brackets 40. So as to allow for inserting the 
biopsy needle carrier 37 into the brackets of the tension slide when the slide is not cocked 
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(Figure 2), the biopsy needle carrier has two plane parallel recesses 77. When the sliding 
surface of the biopsy needle carrier 37 is placed on the surfaces 41, 42 and 44, at the 
same time the cutting sheath is inserted in the holder 36 of the base block 8. To improve 
the turning of the spindle drive, especially when the holder 36 is used to support the 
cocking of the tension slide, a plastic disk 78 can be inserted at the left side of the gear, 
being provided with a slight cone. When the biopsy needle carrier is correctly inserted, it 
slides to the right by the sliding surface 43 over the surfaces 42 and 41 when the tension 
slide is cocked. Since the specimen removal chamber is only closed after inserting the 
biopsy needle carrier, the gear 74 bears against the holder 36. Now, if the toothed roller 
23 is driven further in the same direction, the threaded spindle drive will screw the 
tension slide to the right along the biopsy needle carrier, until it locks; the biopsy needle 
will be pulled inward, while the cutting sheath remains in its position. After the locking, 
the cutting sheath protrudes beyond the tip of the biopsy needle. Therefore, after the 
locking of the tension slide, the cutting sheath is rotated back to the starting position 
(opposite direction of rotation); the gear 74 will move from left to right in the toothed 
roller. After releasing of the tension slide, the biopsy needle/cutting sheath with gear 
slides back to the left with the biopsy needle carrier. Now, the cutting sheath can again be 
moved to the right in order to open the sample removal chamber. 

The right end of the cutting sheath is connected to the hollow biopsy needle by a seal 
element 76, able to move in rotation, but air-tight, so that neither air can get in between 
biopsy needle and the cutting sheath coaxially surrounding it, nor can air escape during 
excess pressure. On the right end of the biopsy needle 2 is mounted air-tight a round, 
likewise hollow plastic part 47, being frictionally joined to the biopsy needle. The plastic 
part 47 has a bearing element 49 at its left end, which is press-fitted into the biopsy 
needle carrier; at its right end, protruding from the hand piece i, there is inserted another 
plastic part 112, which can turn relative to the plastic part 47 and the biopsy needle 2. 
Between biopsy needle and plastic part 112 there is inserted an O-ring seal. The plastic 
part has a plug 17 at its right end, onto which the connection element 4 is placed air-tight. 
There is also a knurled disk 80 on the right part, protruding from the biopsy needle carrier 
and the housing, by which, when rotated, the position of the sample removal chamber can 
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be adjusted radially, without altering the position of the cutting sheath. One rotation of 
the biopsy needle involves only one rotation of the sample removal chamber and, thus, 
the sample removal device. The plastic part 47 with biopsy needle and cutting sheath is 
press-fitted into the biopsy needle carrier with the bearing element 49 and the threaded 
spindle nut 75. The biopsy needle can rotate in the biopsy needle carrier and is mounted 
in the cutting sheath by the bearing element 49 and its narrow guide in the cutting sheath, 
and it can shift in the lengthwise axis with the biopsy needle carrier. As described above, 
the cutting sheath is axially movable by rotation relative to the biopsy needle. 

To the right of the bearing element 49 a polygon 50 is arranged on the plastic part, which 
can lock with the biopsy needle carrier by tension, so that the sample removal chamber of 
the biopsy needle can be brought into the most favorable position for the biopsy removal 
and held there by means of the knurled disk 80. 

Details of the sample removal chamber and the tip of the biopsy needle are represented in 
Figure 11 a- lie. The sample removal chamber 71 adjoining the needle tip 70 is open 
above for approximately around 25% of its cross section. The cutting edges can be ground 
or sharpened. The sample removal chamber is between approximately 15 and 25 mm in 
length. It adjoins the cavity of the biopsy needle. At the transition, i.e., the right end of 
the sample removal chamber, the cross section of the cavity of the biopsy needle is closed 
between approximately 50% and 75% by a narrowing, e.g., a stopper 79 (Figure 11b- 
1 le). The height of the stopper is chosen such that it extends downward past the recess of 
the sample removal chamber. In this way, the vacuum will especially draw in the tissue 
sample kv- through the continuous opening of the sample removal chamber into th e s a mp le 
r e mova l ch a mb e r and bring tt -the tissue sample up against the wall of the sample removal 
chamber. When there is excess pressure in the cavity of the biopsy needle, the narrowing 
or stopper has a pressure boosting effect. The stopper has roughly the length of 1 0 mm 
and is glued or welded into the cavity. When using laser welding, it has proven to be 
advantageous to make the left side of the stopper thin for a short length, around 2 mm, by 
removing material at the end surface. As a result, in this region at the end surface the tube 
of the biopsy needle is welded to the end surface of the stopper and is air-tight at the end 
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surface. The stopper can also be of shorter length, as long as the same effect is achieved. 
Thus, the stopper can also be replaced by a lip or dog of approximately the same height. 
The important thing is that the narrowing is configured such that the vacuum is brought 
to bear primarily from the bottom in the sample removal chamber, so that the sample 
clings to the wall of the sample removal chamber during the cutting process and does not 
change in length. It has also proven to be advantageous to provide additional fixation 
means on the sample removal wall. The suctioning of the sample from the bottom into the 
sample removal chamber produces, first, a high fill ratio of the sample removal chamber 
and, second, especially thanks to its configuration, a good fixation of the sample on the 
wall. Since the cutting sheath separates the sample at the outside of the biopsy needle, 
this firm suctioning of the sample into the interior is also preserved during the separation 
process. Furthermore, thanks to the cutting sheath arranged on the outside, thanks to the 
vacuum applied, no tissue is suctioned into the hollow cutting sheath and thus the tissue 
cannot get twisted or turned by the rotating lengthwise movement of the cutting sheath, 
as it is held fast in the interior of the cutting sheath. This improves the quality of the 
sample, since the pathologist obtains original material corresponding to the cross section 
of the cut and not being twisted or deformed. When the sample is ejected under pressure, 
a complete cleaning of the sample removal chamber occurs in addition through the 
stopper 79, so that no comingling occurs when used repeatedly. Since the vacuum 
generating device is used at the same time as a pressure generating device, the entire 
cavity is cleaned, especially that of the needle. 

Figure 1 3 shows the drive and the installation of the vacuum pressure-generating device 5 
(view from the rear, i.e., opposite the Z-axis, housing cover and lower housing piece left 
out). In the upper, rear, right region, the vacuum pressure-generating device 5 is arranged 
as a piston/cylinder unit 69. It consists of a syringe body 52 with threaded spindle 53 
arranged inside, at whose end facing the syringe bottom 5 1 there is fastened a plunger 54 
with seal elements - as is commonly known with syringes (Figure 14a-14d). 
At the end of the syringe body 52 facing the base block 8, a threaded spindle nut 48 is 
arranged on the threaded spindle with a gear 55 formed at the circumference. The 
threaded spindle nut has one or more thread turns. The threaded spindle 53 interacts with 
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the threaded spindle nut 48. The spindle has a pitch of around 5 mm per turn, so that at 
each rotation the plunger is moved out from the syringe body by a precisely defined 
amount, i.e., away from the syringe bottom 51, or toward the syringe bottom, depending 
on the direction of turning. The toothed crown 55 arranged on the circumference of the 
threaded spindle nut meshes with the drive pinion 56, which is fastened on the take-off 
shaft of the DC gear motor 58. The take-off shaft of the DC gear motor 58 is mounted in 
the base block 8; for this, the take-off shaft is inserted into the transverse plate 59 of the 
base block. When the DC gear motor 58 is activated, the plunger is moved toward the 
syringe bottom or in the direction of the base block 8, depending on the direction of 
turning. The drive motor used is likewise a DC motor with high speed, connected to a 
planet transmission with high reduction ratio. It corresponds to the motor already 
described for the cocking mechanism. 

The plunger 54 is configured in familiar fashion as a syringe plunger. The syringe body 
made from plastic, being a cylinder with a bottom, is transparent. 

In order to prevent a twisting of the threaded spindle 53 upon actuation of the threaded 
spindle nut, the two opposite surfaces 60 of the threaded spindle are . plane in 
configuration (Figure 14d). The threaded spindle is inserted into the insert element by its 
free end. The spacing between the surfaces of the threaded spindle corresponds to the 
width of the U-shaped insert element 62 of the base block 8. There is only slight play 
between the U-shaped cross section of the insert element and the spindle surfaces at 
either end. The threaded spindle nut thrusts against the base block. 

In order to prevent the syringe body 52 from sliding out upon turning of the threaded 
spindle nut, the bearing surface at the base block 8 is slightly conical toward the bottom. 
The connection piece 63 of the syringe body 52 is inserted into the passage 16 of the 
hous i ng right end cover 7 so that the syringe body is held in roughly horizontal position. 
In order to make the threaded spindle easy to turn, the threaded spindle nut with toothed 
crown has a chamfer 66 around 1.5 mm in thickness at the side facing the base block. 
Since, furthermore, the surface of the rib 59 on the base block 8, which interacts with the 
chamfer 66 of the threaded spindle nut 48, is inclined from top to bottom, the vacuum 
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pressure-generating device is pulled downward during operation. To create a sufficient 
vacuum of around 200 hph in the sample removal chamber, for example, when using a 
biopsy needle with length of around 250 mm and an internal diameter of the hollow 
biopsy needle of around 5 mm, one uses a syringe body for 20 ml with a length of around 
90 mm. In order to be able to use the syringe body also as a pressure generator, a 
ventilation opening 67 of around 1.5 mm diameter, for example, is provided after around 
3 / 4 of its length, corresponding to the stroke for producing the vacuum (position per Figure 
lib). If the syringe plunger is moved beyond the ventilation opening 67 (Figure 14c) - 
when the vacuum is no longer required - intake of air (atmospheric pressure) through the 
ventilation opening 67 will dissipate the previously established vacuum in the hollow 
biopsy needle. If, then, the direction of turning of the gear motor is reversed, the vacuum 
pressure-generating device will build up an excess pressure in the system by retraction of 
the plunger (toward the bottom of the syringe), which brings about the ejection of the 
tissue sample after opening the sample removal chamber. Moreover, the pressurized air 
will clean not only the sample removal chamber, but also in particular the inside of the 
biopsy needle. The stopper narrowing the cavity of the needle will make it difficult or 
entirely prevent tissue parts from getting into the cavity of the biopsy needle. The 
narrowing of the needle cavity by the stopper 79 will increase the pressure at the sample 
removal chamber and thereby improve the ejection of the sample, even when the sample 
removal chamber is half open. 

The handling of the biopsy mechanism shall now be explained more fully: 
The removable insert element 20, cons i st i ng of comprising a vacuum pressure-generating 
device, elastic connection element, as w e l l as biopsy needle carrier with needle and 
cutting sheath and additional elements connected to it, as w ell as also contains a guide 
roller 81 mounted on the needle. This unit, including an insert aid, comes in a sterile 
package. The plunger 54 in the syringe body 52 comes slightly (1-2 mm) lifted up from 
the syringe bottom, the sample removal chamber 71 of the biopsy needle 2 is open so that 
one can make a visual inspection of the chamber prior to inserting. After opening the 
housing cover 10, the carrier element 37, including biopsy needle 2, cutting mechanism 
3, and other parts connected with it, such as the vacuum pressure-generating device 5 
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hooked up to the connection element 4, is inserted into the connection element provided 
for this (Figure 2). During the insertion process, one must make sure that the gear 74 
engages with the teeth of the toothed roller 23; the cutting sheath is inserted from above 
into the U-shaped holder 36, and at the same time the brackets 40 of the tension slide are 
introduced into the recesses 77 of the carrier element; the guide roller 81 is inserted in the 
passage 13, so that the flanks 101 and 102 embrace the housing left end cover 6. The 
cutting sheath is mounted in the guide roller, able to move lengthwise and turn freely; the 
guide roller itself, however, can no longer move relative to the cutting sheath after being 
inserted in the housing left end cover 6. The vacuum pressure-generating device is then 
inserted at one end into the upward-open insert element 62 of the base block 8 by its free 
end 61 and at the other end into the U-shaped, upward-open passage 16 by the connection 
piece 63. The connection piece 63 lies above the switch pin 19. Since the insert element 
at the base block has a clear width which just allows the inserting of the threaded spindle 
provided with surfaces 60 at either end, the threaded spindle is held in the insert element, 
secure from turning. The toothed crown 55 of the threaded spindle nut 48 engages with 
the take-off pinion 56 of the gear motor after being inserted. The spacing between the 
base block at one end and the housing end cover 7 at the other is maintained so that 
syringe body 52 with the threaded spindle nut 48 placed on the syringe body has just 
enough room. The unit formed by the syringe body and the mounted gear is held in this 
way so that it cannot shift axially. After being inserted, the vacuum pressure-generating 
device lies parallel to the biopsy needle carrier; the connection element describes an arc 
of around 180°. 

It should further be noted that the inserting is done when the tension slide is not cocked; 
this means that the gear 74 engages at the right end of the toothed roller with the sample 
removal chamber open (Figure 3). After being properly inserted, the housing cover can 
be closed. 

To facilitate the inserting process, an insert aid can be used. When the housing cover is 
closed, the connection piece 63 is forced downward and activates the miniature switch by 
the switch pin 19 built into the end cover of the housing. This activates the electrical 
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system, which is indicated by blinking of the reset diode 91 on the front side of the hand 
piece L The reset diode at first blinks green, which means that the positioning of the 
individual elements, i.e., the inserting process, is not yet finished; the DC gear motor 21 
must first close the sample removal chamber 71 with the cutting sheath 3 (the sample 
removal chamber was partly opened during the inserting). This occurs by twisting the 
threaded casing connected to the cutting sheath. The cutting sheath moves to the left until 
the gear 74 comes to bear against the inside of the holder 36. After closing the sample 
removal chamber, the plastic disk 78 bears against the holder 36 (inside). During this 
process, or before or after it, the DC gear motor 58 brings the syringe plunger 54 to bear 
against the syringe bottom 5 1 . After the starting positions are reached for the vacuum 
pressure-generating device and the biopsy needle/cutting sheath, the cocking diode 94 
and the sample removal diode 92 light up green, the reset diode goes out. The operator 
must now decide whether to initiate the cocking of the tension slide or to remove an 
additional sample, e.g., because he has already previously removed one tissue sample. If 
the operator presses the cocking button 90, the cocking of the tension slide is initiated; 
the cocking diode blinks green, the sample removal diode 92 goes out. By pressing the 
cocking button, the electrical DC gear motor 21 receives current and the DC gear motor 
actuates the toothed roller 23. The gear 74 meshing with the toothed roller 23 turns the 
spindle shaft and at the same time the cutting sheath 3 connected to it. Since the spindle 
nut 75 is press-fitted in the biopsy needle carrier 37 and the gear 74 is supported by the 
plastic disk 78 against the holder 36, which is firmly connected to the housing by the base 
block 8, the turning of the threaded spindle casing 73 has the effect of moving the biopsy 
needle carrier to the right. At the same time, the biopsy needle 2 connected to the biopsy 
needle carrier by the bearing element 49 is carried along, resulting in the tip of the biopsy 
needle moving into the cutting sheath. The biopsy needle carrier 37 is moved to the right 
by the recess/bracket connection of the tension slide against the action of the spiral spring 
31 until the lever 33 of the locking element is forced into the recess 82 of the tension 
slide by the spring 34. The tension slide is locked in this position. The gear motor 
receives the control command that the locking position has been reached, e.g., via a 
photocell installed in the sliding surface of the cover plate, which interacts with the 
retracted biopsy needle carrier; the direction of turning of the motor is reversed and the 
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cutting sheath is turned back to the right by the amount that the cutting sheath had moved 
beyond the tip of the biopsy needle by the movement of the tension slide and the biopsy 
needle. At the end of this step, the cutting sheath completely closes the sample removal 
chamber (Figure 1 Id), as at the start of the cocking process. The locking diode 95 lights 
up green; the blinking of the cocking diode 94 goes out. So as to reduce the friction 
between gear and support element during the cocking process, the plastic disk 78 is 
arranged between gear 74 and holder 36. Now, the biopsy needle of the biopsy 
mechanism is inserted, for example, in a previously mounted coaxial cannula. The 
proximal end of the mounted coaxial cannula receives a seal, designed so that it seals off 
the space between cutting sheath and cannula, on the one hand, and allows an easy 
insertion of the biopsy needle with cutting sheath, on the other. The seal ring prevents air 
from the outside getting sucked in through the space between cannula and cutting sheath. 
The seal ring likewise prevents fluid (cytological material) from escaping after the biopsy 
needle is introduced or inserted. Thus, the possibility of the disinfected hand piece i 
getting dirty is nearly precluded; on the other hand, the flank 101 of the sterile guide 
roller 81 prevents the sterile cannula from getting dirty by reason of the hand piece J_. The 
tip of the biopsy needle is brought up in the cannula to the tumor and, after being 
correctly positioned, thrust into the tumor. 

The shot is triggered by pressing the activation button 88. This has the result of swiveling 
the double-arm lever 33 about the axis 35 to release the tension slide. The tension slide is 
hurled to the left by spring action. The sample removal diode lights up green, the cocking 
diode goes out. By operating the program button 89, the sample removal sequence is 
enabled; the sample removal diode 92 blinks green. At first, the DC gear motor 58 will 
activate the vacuum pressure-generating device. The plunger of the vacuum pressure- 
generating device is moved in the direction of the base block, i.e., away from the bottom 
of the syringe, until it reaches a position just before clearing the ventilation borehole 67 
(Figure 14b). The vacuum is generated in the system. After reaching its end position, the 
system activates the motor 21, the cutting sheath which closes the sample removal 
chamber is opened via the gear/spindle drive. During the opening process, the partial 
vacuum prevailing in the system sucks in the tissue and any cytological fluid (cytological 
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material) into the sample removal chamber. Cytological fluid will also flow thanks to the 
vacuum into the biopsy needle cavity and the vacuum pressure-generating device. It has 
proven to be advantageous to direct the partial vacuum by the stopper 79 primarily at the 
lower region, the lower side, of the sample removal chamber, and the stopper 79 will 
prevent or impede tissue from getting into the biopsy hollow needle. When the sample 
removal chamber is fully open - the tissue sample is accommodated in the sample 
removal chamber - the gear motor 21 is reversed and the sample removal chamber 39 is 
closed. By turning the cutting sheath, the tissue is separated by the cutting edge 72 of the 
sheath 3 during the closing process. In order to reliably cut through the tissue filaments, it 
is advantageous to move the cutting sheath 3 beyond the distal end of the sample removal 
chamber (around 2 mm). In order to accomplish this, it is only necessary to program 
accordingly the microprocessor where the control data is kept. Because of the special 
configuration of the sample removal chamber and thanks to the vacuum applied, the 
tissue sample is held in the chamber without torsion, so that the tissue sample is not 
twisted or turned by the rotating and lengthwise moveable cutting sheath 3 which 
surrounds the biopsy needle on the outside, as described. After the sample removal 
chamber is closed, the DC gear motor is activated for the vacuum generating unit 5. The 
plunger 54 is first retracted far enough to clear the ventilation opening (Figure 11c). After 
the vacuum is dissipated in the system, the plunger travels toward the vacuum bottom 
until the ventilation borehole is again closed, in order to prevent the outflow of bodily 
fluid (cytological fluid). The blinking of the sample removal diode 92 goes out. The 
ejection diode 93 lights up green. The biopsy needle with closed sample chamber is 
extracted from the cannula. After the removal of the biopsy unit and providing a vessel to 
receive the tissue sample and fluid, the program button 89 is again operated and the 
ejection diode 93 starts to blink. At first, the gear motor 21 of the cutting sheath is 
operated to open the sample removal chamber roughly halfway. After this, the DC gear 
motor 58 of the vacuum pressure-generating device is activated. The turning direction of 
the DC gear motor 58 remains and the threaded spindle 53 with plunger moves in the 
direction of the syringe bottom, so that now an excess pressure is created in the system. 
The plunger travels up to the plunger bottom, and the actuating motor 58 is deactivated. 
The gear motor 21 moves the cutting sheath back across the sample removal chamber 
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after the plunger has reached the plunger bottom. Thanks to the excess pressure built up 
in the system, the sample is forced out under pressure into a waiting laboratory vessel 
even when the sample removal chamber is halfway open, and at the same time the cavity 
of the vacuum pressure-generating device, the biopsy needle and the sample removal 
chamber is cleared of tissue particles and fluid. The ejection of the sample when the 
sample removal chamber is around halfway open is so that the ejection of the tissue 
sample is assured and the tissue sample does not fall back into the chamber as a result of 
premature dissipation of the excess pressure. The narrowing of the cavity of the biopsy 
needle by the stopper 79, which prevents or impedes tissue from getting into the cavity of 
the biopsy needle, proves to be especially advantageous when removing the sample, since 
the narrower cross section boosts the ejection pressure. The best ejection results were 
therefore achieved with the sample removal chamber halfway open; i.e., the cutting 
sheath clears half of the sample removal chamber. The excess pressure also forces tissue 
fluid out of the sample removal chamber and cleans it. 

After the sample removal chamber is fully open, the removal and cleaning is finished, 
and the ejection diode goes out. The reset diode 91 lights up green. If no further samples 
are to be removed now, the housing cover is opened and the removable element 20 is 
taken out. When the housing cover 10 is opened, the system is deactivated by the 
miniature switch 18. However, if an additional sample is to be taken from the same tissue 
environment, the operator presses the program button 89 and the reset diode 91 starts to 
blink. The vacuum pressure-generating device, as well as the cutting sheath, are again 
adjusted as described. At the end of the process, the reset diode 91 goes out and the 
sample removal diode lights up. The next steps of the process occur in the sequence 
already described. The process can be repeated as often as desired. At the end, the 
operator need only decide whether to take another sample or to conclude the sampling 
and open the housing cover. 

As already described, in order to enhance the operating safety, a delay circuit can be 
provided for individual steps such as "cocking" and "ejection of sample". Furthermore, 
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the light-emitting diodes can have different colors, so that one can distinguish between 
work in the tissue and that outside the tissue. 

If it is required to take the sample from a location of the tumor that does not lie directly 
above or at the sample removal chamber after being inserted, i.e., it lies to the side, the 
position of the sample removal chamber 71 can be turned by means of the knurled disk 
80. So that the operator can recognize this radial positioning of the sample removal 
chamber, a marking in the form of a notch 119 is made on the knurled disk, pointing 
upward when the opening of the sample removal chamber points upward. The biopsy 
needle is fixed in the particular position by the surfaces of the polygon 50 and the elastic 
forces in the carrier piece. The sampling process is the same as already described. 

After completion of the biopsy, the interchangeable element 20 (vacuum/pressure device, 
biopsy needle/cutting device with all elements arranged on it) is removed from the top 
after releasing the cover. To make it impossible to open the housing when the tension 
slide is cocked, a safety tab 84 is arranged on the biopsy needle carrier, which bears 
against the left end surface 85 of the closure mechanism in the cocked condition. In this 
way, the closure mechanism, moveable in the X-axis, can no longer be moved to the left 
into the open position and thus the dog 12 can no longer be taken out from the recess 45. 
On the other hand, the housing cover also cannot be closed if the carrier unit has been 
inserted in the cocked condition, since the safety tab prevents the latch from being 
introduced into its designated space. The surface 85 of the latch adjoins the safety tab. 
The battery charge diode 96 is turned off as soon as the housing cover is open. When the 
cover is closed and the insert element 20 is installed, the battery charge diode indicates 
whether sufficient energy is available. 

Basically, it is conceivable to control all steps individually by hand for the removal of a 
sample, as well as the cocking of the slide, etc., by activating and deactivating the two 
gear motors. However, it is expedient to group together the individual steps of the 
sequence and have them run automatically, with only the following step initiated by 
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activating a switch. This semiautomatic method, as described above, has proven to be 
especially advantageous. 

Basically, there are two conceivable methods for detecting the actual values and 
comparing them to the nominal values. One method is based on measuring the lengthwise 
displacement of the threaded spindle as it is pulled out or pushed in, and measuring the 
axial displacement of the cutting sheath or the biopsy needle carrier. In order to detect 
these changes, photocells or miniature switches are arranged inside the housing, in 
particular on the extension of the base block 8. In addition, a positioning finger 103 is 
mounted on the cutting sheath, while the free end 6 1 protruding from the plunger unit can 
be used as a measuring point for the threaded spindle of the vacuum pressure-generating 
device; if the front edge of the biopsy needle carrier is used as a measuring point with a 
photocell, no additional positioning finger is required. The embedded photocells are 
covered with suitable transparent material in case of possible contamination. The 
positioning finger 103 engages with a slot in the biopsy needle holder. At appropriate 
places on the extension 46 of the base block 8 there are provided recesses 107, in which 
photocells or miniature switches are installed, which interact either with the free end 61 
of the plunger spindle, with the position finger or the edge of the biopsy needle carrier 
120 (Figure 15). These signals (actual value) are processed in the electronics to form the 
control signals. 

The other system is based on measuring the number of revolutions of the DC motors. In 
this case, a pickup is mounted on the shaft of the DC motor, which interacts with a 
photocell mounted on the housing of the DC motor. In this way, the number of 
revolutions of the motor is measured. Since the DC motors operate with a speed of 
around 10,000 to 12,000 rpm, depending on the load, and on the other hand the secondary 
planet transmission arranged at the take-off end which interacts with the spindle drive 
considerably reduces the number of revolutions, an exact lengthwise control is possible. 
The lengthwise displacement by the spindle drive is a constant value proportional to the 
operating speed and is therefore sufficient as a control signal for the lengthwise 
displacement. In order to precisely determine the position of the cutting sheath 3 as well 



35 



as the plunger 54 at the start, i.e., after inserting the removable element and closing the 
housing cover 10, the DC gear motor 58 rotates the plunger 54 until it strikes against the 
syringe bottom and the DC gear motor 21 brings the drive of the cutting sheath to the 
zero position by moving the gear 74 until it strikes against the threaded spindle nut 75. 
(The threaded spindle nut 75 strikes against the gear 74.) From this zero position, the 
individual steps are then controlled by comparing the settings and the actual values. The 
necessary cables from the measuring pickup to the electronics are accommodated in the 
housing, as is the board with the electronic components. A microprocessor arranged 
inside the housing, under the cover, with the setpoint values stored in it, controls the 
individual processes. 

In order to enable easy insertion of the removable insert unit, the insert aid shown in 
Figure 16, 17 can be used. . As Figure 16, 17 show in particular, the biopsy needle carrier 
is enclosed by two brackets 108 and axially fixed in the holder by an additional cross 
piece 109, so that it comes to lie parallel to the vacuum/pressure device in the insert aid. 
The vacuum pressure-generating device is likewise enclosed by the bracket 116 at one 
side and by the centrally arranged bracket 108 on the other side. In addition, a pin 110 
engages with the ventilation borehole 67. This ensures that the vacuum pressure- 
generating device is oriented parallel to the biopsy needle carrier (Figure 1). The parts so 
oriented are fixed in the insert aid so that they can easily be inserted from above into the 
hand piece \ by means of the holder piece 1 17. Since the parts come in a sterile package 
with the insert aid, the interchangeable element 20 can be removed from the package 
without manual contact and be inserted in sterile manner into the hand piece 1. The 
brackets are slightly slanted for easier lodging of the vacuum pressure-generating device 
and the biopsy needle carrier. Since the insert aid is made of plastic, the installed parts 
can easily be held in place by clamping, thanks to appropriate choice of the tolerance and 
flexibility. 

The tip of the needle unit of the biopsy device can be placed directly on the tissue being 
sampled and inserted into the tissue. It can be expedient, however, to first position a 
coaxial cannula and then introduce the portion of the needle unit (consisting of biopsy 
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needle and cutting sheath) protruding from the hand piece J_of the biopsy device into the 
coaxial cannula 125. In this case, one should make sure that, when the vacuum is created 
for sucking in the tissue sample, no air can get in from the outside into the space between 
the inner surface of the coaxial cannula and the outer surface of the needle unit. In the 
coaxial cannula (Figure 18) consisting of a tube 121 with cap 122 placed at the proximal 
end, the tube 121 at the proximal end has a seal element 123 (e.g., a properly 
dimensioned silicone hose), into which the needle unit is placed. In order to insert the 
coaxial cannula, a spike 124 is connected to the coaxial cannula 125. The spike 124 has a 
tip 126 protruding beyond the distal end of the coaxial cannula in the inserting state. The 
connection between coaxial cannula and spike is a screw fastening, for example, so that 
the spike cap is configured as a screw cap. The screw cap is screwed onto the proximal 
end of the cap 122. The tube of the coaxial cannula is held in the cap 122 by clamping, 
for example. After inserting the coaxial cannula, the spike is removed and the needle unit 
of the biopsy device (in the cocked condition) is introduced and positioned in the coaxial 
cannula (Figure 20). The distal flank of the guide roller 101 is placed on the proximal end 
surface 128 of the cap. After the tension slide is released, the needle tip with the sample 
removal chamber is forced into the tissue to its full length. 

The depth of penetration of the biopsy needle unit of the biopsy device is between 20 and 
35 mm, depending on the selected size of needle. In general, it is 20 mm. In the case of 
small breasts or tumors lying just below the skin, the depth of penetration of the biopsy 
needle is therefore too deep, since the biopsy device is placed directly or by means of the 
guide roller onto the coaxial cannula and the depth of penetration cannot be changed at 
the device. The depth of penetration is device-fixed. In order to be able to use the same 
biopsy device with the same biopsy needle and same depth of insertion and the same, i.e., 
uniform coaxial cannula with same overall length and less depth of insertion, one or more 
spacing pieces 129 are placed medially onto the biopsy needle prior to insertion; thus, 
these lie medially in front of the guide roller 101 mounted in the housing and the 
proximal end surface 128 of the cap 122. Thus, by introducing spacing pieces or a 
spacing piece, the depth of penetration T can be changed for the same depth of insertion 
provided in the device. After inserting the spacing piece, the tip of the biopsy needle in 
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the cocked condition no longer projects slightly from the coaxial cannula, as when no 
spacing piece is used, but rather lies in the coaxial cannula. The depth of penetration is 
thus reduced by the length L of the spacing piece (also see Figure 20 and 21). This does 
not impair the functioning of the sample removal chamber 21 or the operation of the 
cutting sheath. For example, if a spacing piece of 10 mm is used with a depth of needle 
penetration of 20 mm, the depth of penetration will be reduced to 10 mm. Of course, the 
spacing piece can be made up of one or more parts, i.e., when using spacing pieces of 5 
mm thickness, two spacing pieces are necessary to reduce the depth of penetration by 10 
mm. 

The adding of spacing pieces or one spacing piece of corresponding length offers the 
possibility of using a uniform coaxial cannula including a uniformly added insertion 
spike 124 for various depths of penetration. The same result regarding a reduced depth of 
penetration could also be achieved by using caps of different height or by mounting the 
spacing pieces on the cap, which is equivalent to the threaded-on spacing pieces. 
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List of parts 



1 


hand piece 


30 


bolt 


2 


biopsy needle 


31 


spiral spring 


3 


cutting sheath 


32 


end niece 

Vllvl L/l vvv 


4 


connection element 


33 


double lever 


5 


vacuum oressure-ueneratins device 
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34 


nressure snrins? 


6 


housing end cover (left) 


35 


axis 


7 


housing end cover (right) 


36 


holder 


8 


base block 


37 


biopsy needle carrier 


9 


housing lower piece 


38 


boreholes 


10 


housing cover 


39 


not used 


11 


locking latch 


40 


brackets 


12 


doe 


41 


surface of tension slide 


13 




42 


extension of surface 

VA. IVllJlV/ll V-/ -A JVil ItlVV 


14 


borehole 


44 


surface of block 26 


15 


passage 


45 


recess 


16 


passage 


46 


cover 


17 


plug 


47 


plastic part 


18 


miniature switch 


48 


threaded snindle nut 

1111 VUViVVi uL/lllvllv nut 


19 


switch pin 


49 


bearing element 


20 


removable element 


50 


polygon 


21 


DC gear motor 


51 


syringe bottom 


22 


wall 


52 


syringe body 


23 


toothed roller 

IVV tllVVi 1\_/A1WA 


53 


threaded soindle 

HAA VviViVVi »J U111VHV 




u-snapea space 




piunger 


25 


wall 


55 


gear (toothed crown) 


26 


block 


56 


drive pinion 


27 


groove 


57 


board 


28 


tension slide 


58 


DC gear motor 


29 


threaded borehole 


59 


transverse plate 
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60 surfaces 90 

61 free end 91 

62 insert element 92 

63 connector 93 

64 outflow connector 94 

65 recess 95 

66 chamfer 96 

67 ventilation borehole 97 

68 not used 98 

69 piston/cylinder unit 99 

70 needle tip 100 

7 1 sample removal chamber 101 

72 cutting edge 1 02 

73 threaded spindle casing 1 03 

74 gear 104 

75 threaded spindle nut 105 

76 seal element 106 

77 recesses 107 

78 plastic disk 108 

79 stopper 109 

80 knurled disk 110 

81 guide roller 111 

82 recess 112 

83 metal part 113 

84 safety tab 114 

85 end surface 115 

86 not used 116 

87 center rib 117 

88 activating button 

89 program button 



cocking button 
reset diode 

sample removal diode 
ejection diode 
cocking diode 
locking diode 
battery charge diode 
passage 
passage 

arm of the double-arm lever 

part of the lever 

flanks of the guide roller left 

flanks of the guide roller right 

position finger 

axis 

actuating device (vacuum) 

actuating device (biopsy needle, 

cocking mechanism) 

recesses 

brackets 

cross piece 

pin 

storage battery 
plastic part 
surface 

separating plate 
guide borehole 
fastening 
holding pieces 



118 not used 

119 notch 

120 edge of needle carrier 

121 tube 

122 cap 

123 seal element 

1 24 spike 

125 coaxial cannula 

126 tip 

127 screw cap 

128 end surface 

129 spacing piece 

T = depth of penetration 

L = length of spacing piece 
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Summary ABSTRACT 

The A biopsy device consists of a hand pi e c e , in which a hollow biopsy n ee dle is 
ins e rt e d, wh e r e in a part of the portion of the biopsy n ee dle proj e cting b e yond th e hand 
pi e c e with its sample r e moval chamber can b e inserted into the tissue being inv e stigat e d 
and the tissue is sucked into the sampl e removal chamber by vacuum and th e n s e parated 
by means of a sampl e s e parating m e chanism and aft e rwards remov e d. Th e vacuum 
gen e rating d e vic e can b e us e d as necessary to gen e rat e an e xc e ss pressur e by op e ning a 
v e ntilation op e ning; furth e rmor e , th e vacuum pressure g e n e rating device (5) as well as 
other control and supply devices and the electrical actuators ar e int e grat e d in the housing 
of th e hand pi e ce (1) and th e conn e ction el e m e nt (4) b e tw e en th e biopsy n ee dl e (3) and th e 
vacuum pr e ssur e g e n e rating d e vic e (5) is arranged dir e ctly on th e housing. Thanks to th e 
arrang e m e nt of th e operating pan e l on th e housing and th e e l e ctrical units in the housing, 
the freedom of movem e nt of the biopsy device is not restricted. The device allows a 
singl e hand op e ration. Th e d e vic e combin e s the advantages of th e high sp ee d biopsy 
guns with th e advantages of vacuum biopsy and furnishes th e pathologist b e tter 
sp e cimens for analysis for taking tissue samples, includes a housing, a removable element 
and a control panel. The housing contains an electric power source and a tension slide 
connected to the power source. The tension slide may be brought into a cocked position 
against the action of a spring by the power source. The removable element is configured 
for insertion into the housing and includes a biopsy needle unit, a vacuum pressure- 
generating device and a control panel. The removable element may be provided as a 
sterile package unit. The biopsy needle unit can be arranged on the tension slide and 
includes a hollow biopsy needle with a sample removal chamber and a cutting sheath. 
The biopsy device can be held in one hand and is fully integrated with all components 
required to perform a vacuum biopsy such that no cables or lines are required to other 
external units. 
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